In the last two years the efficiency of computers and programs for simulating flow has increased enormously. More and more complex relation ships can be reliably analysed and can lead to optimisation al ready on the numeric model.
The purpose of this paper is to demonstrate what useful resu lts can be obtained with a generally applicable 20 and 3D finite element program for flow mechanics, with special reference to non Newtonian fl uids.
Basic principles
Flow mechanics, as a classic engineering discipline, is a very wide field, ranging from laminar to turbulent flow. It can be isothermal or temperature-dependent, at Newtonian or non-Newtonian viscosities in 20 or 30 geometries. Further phenomena, like reaction kinetics, supersonic pressure waves, compressibility or differ ent phases and phase transitions of media have to be added. It is clear, therefore , how complex the math ematics necessary to cover as many different applica tions as possible must be.
The program under discussion may be used to solve mass, moment and energy equations in accordance with the Navier-Stokes formula, friction near the edge as well as inside the fluid being taken into account.
For non-Newtonian media, the program offers as standard laws the power law, Bingham, Carreau as wel l as general relations which can be specified by the user, with viscosity dependencies on shear rate, tem perature, species concentration and time.
The finite element equation can deal with geometries of any complexity, boundary conditions can be rela tively easily formulated and a high degree of math ematical accuracy is achieved . This affects not only the quality of the results but also -and this is particu larly important -the user's acceptance.
Comprehensive possibilities for evaluating the huge amount of data produced are offered by the post-proc essor. Not only can velocity, pressure and tempera ture patterns be represented graphically, in colour, but also the distribution of viscosity and turbulence inten sity. Phenomena which are often hidden can thus be made visible.
Der Finite-Eiement-Ansatz fuhrt dazu, daB die Geome trien beliebig komplex sein ki:innen, die Randbedin gungen relativ einfach anzubringen bzw. zu formulie ren sind und eine hohe Rechengenauigkeit erreicht wird . Dies wirkt sich nicht nur auf die Qualitat der Er gebnisse, sondern auch -und das ist besonders wich tig -auf die Akzeptanz der Anwender aus. 
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We shall now ecamine an extrusion die used to pro duce such things as plastics profiles or pipes continu ously, to form an endless product. Die design is of great importance in deciding product quality. The func tion of the die is to shape the extrudate passing through it, whilst preventing variations in speed an temperature. These wo u ld cause warping and internal stresses and adversely affect end product quality. Die geometry is therefore of great importance since it in fluences the above mentioned quantities.
Typical features of profile extrusion are that the vis cosity of the polymer melt is high and its thermal con ductivity relatively low. This results in high Prandtl num bers of the order ot 1 06 to 1 0 10 . The small throughput rates result in low Reynolds numbers -the inside terms in the mo ment equation are negligibly small compared with the viscous terms and the pressure gradi ent. On the other hand, the high Prandtl number means that the Peclet number, too, is raised to about 1 0 3 to 1 06. This has the ef fect of producing Impulse equation
Temperature equation
Continuity equation (1 ), (2) und ( very thin peripheral layers whose solution requires a fine network. Furthermore, the high melt viscosity causes a great deal of frictional heat.
For the actual value analysis of the simulation, the de sign was produced on a three-dimensional finite ele ment model with 2640 volume elements with eight nodes each. Material data like viscosity, specific heat capacity and density were formulated in a generalised power law, the viscosity being input as a function of shear rate and temperature .
The velocity near the walls was put as equals to zero, i . e . wall adhesion as wel l as adiabatic temperature be haviour were assumed.
The problem was formulated dimensionless and is shown in equations (1 ), (2) and ( An important property of polymer melts is the depend ence of their viscosity on the shear rate and tempera ture . The fluid particles near the walls, which have a lower viscosity, due to increased friction (shear}, flow faster than those at the centre of the melt. Cold walls influence viscosity in the same manner.
The present model is one-quarter the geometry of a runner system for a 32-impression injection mould . Reduction is justified because of symmetrical condi tions. The finite element model consists of 458 ele ments with 9 nodes each, i . e . in this network there are 2 1 23 nodes. This calculation, too, was carried out in dimensionless units. The complete mass, energy and moment equations were solved with the program used (see equations (1 ), (2) and (3)) . Der Spannungs-Tensor wird nach G/eichung (4) ermit telt.
Die drei Parameter aus den Gleichungen (1 ) bis (3) stellen:
-die Reynolds-Zahl -die Peclet-Zahl, die das Verhaltnis des advektiven zum konvektiven Warmetransport beschreibt und -die Brinkmann-Zahl dar.
The stress tensor is determined according to equation (4). The three parameters from equations ( 1 ) to (3) represent the following:
-the Reynolds number -the Pelcet number, which desribes the ratio of advective to convective heat transport, and -the Brinkmann number.
Gleichungen zu Beispiel 2: Equations to example 2:
lmpulsgleichung: lmpwl se equation
Continuity equation
In the case of the material used here, the viscosity is dependent on temperature as well as the rate of defor mation. Empirically determined data were plotted as a curve (see Fig. 5 ), where a 1 . . . . a 5 are constants. The thermal conductivity and the specific thermal capacity of the material were assumed to be constant.
With a gate radius of 3 mm, a melt entry rate of 0. 1 5 m/s and a melt entry temperature of 1 60 oc, the dimensionless numbers can be determined as follows : These figures show that the internal forces play almost no part in the transport and moment equation, whereas heat transport takes place predominantly through advection rather than diffusion. Heating up through shear is dominant and describes a typical behaviour of polymer melts .
The temperature distribution in Fig. 3 shows that the calculation gives us the heat produced through wall friction.
Rheology 92 Fig . 4 shows the behaviour of individual fluid particles in relation to time. Here, it is interesting to note that the polymer melt reached one injection mould, whilst at the same point in time not even the last runner had been filled. This is due in particular to changes in vis cosity. For the mould at bottom left, the fluid "shears" along the wall and thus becomes increasingly faster, whilst the particles to the top right have to be repeat edly diverted from the opposite, relatively cool wall.
The graphic representation of the shear rate is espe cially interesting. Such a distribution is a by-product of simulation, which cannot be easily achieved by means of experimental methods. This problem can be solved in two ways :
-One calculates the throughput rates and changes the cross-sections until the melt stream is exactly the same size at all the gates leading into the mould cavity.
-One ensures that the mould is heated evenly, so that uniform melt viscosity is achieved .
Summary
We have demonstrated that simple 2D simulations as well as 3D analysis of polymer melt streams with a numeric program are possible. Data which are ex tremely difficult or impossible to obtain, e.g. shear rate distribution, can be determined with a good com puter program. Similarly, variants for different materi als or changes in geometry can be evaluated relatively quickly.
Complete material data are not always available, so that some work needs to be done in this area. Accord ingly, material laws require further development. 
